Gas-particle flow behavior in a conical-cylindrical spouted bed was simulated using the Eulerian-Eulerian two-fluid model. The interaction between gas and particles was modeled by the Gidaspow drag model. The overall flow behavior within the spouted bed was predicted well by the above model. A stable spouted region, a fountain region, an annular region and typical flow characteristics of spouted bed were correctly predicted using the model. Distribution of particle concentration, particle velocity and pressure obtained can provide important information on the flow field within the spouted bed for process design and scale-up. Pressure distribution of simulation was compared with experimental results. The comparative results presented the good agreement.
to measure particle velocities in the annulus of a full column and concluded that there is a plug flow zone in the upper part of the annulus. It is difficult to measure gas and particle dynamics without disturbing the flow field. Studies of numerical simulation techniques and computational fluid dynamics (CFD) have become popular in the field of gas-solid two phase flow. The numerical simulation can get the details of gas-solid two phase flow in the spouted bed without any interference. Wang et al. [8] simulated the axial and radial distributions of static pressures and vertical particle velocities of conical spouted beds by means of a commercial FLUENT code. Shirvanian et al. [9] predicted concentration of particles in the rectangular spout bed by means of FLUENT code, and compared with experimental data. Wu et al. [10] simulated gas-particle flow behavior in a two dimensional spouted bed and a three dimensional spoutfluid bed using a commercial fluid dynamics code FLUENT version 6.2.In this work, the numerical simulations were done using the geometrical config-uration of a spouted bed test rig in the Northeast Dianli University. The oil shale semi-coke (SC) sample was obtained from Liushuhe, which was located in Heilongjiang Province, China. In this study, Eulerian-Eulerian model was used to simulate spouted bed fluid dynamics.
2.Model Equations
The Eulerian-Eulerian approach is used for both gas phase and particles phase within spouted beds. Governing conservation equations. The volume fraction balance equation
The mass conservation equations for phase (q=g, s) is
Gas momentum equation 
Gas lift for the solid phase g s g s g lift p F 5 . 0 (6) Where gs is the interphase velocity, gs K is an interaction force between phases, sg m is mass transfer between two phases, q is the shear viscosity of phase q , q is the bulk viscosity of phase q , I is the unit tensor,
A lot of research on gs K were done by Syamlal [11] Wen-Hu [12] and Gidaspow [13] , and some empirical correlation called the drag force model were got by them. The Gidaspow 
The solids stress tensor incorporates shear and bulk viscosities arising from particle momentum exchange due to translation and collision. A frictional component of viscosity was also included to account for the viscous-plastic transition that occurs when particles reach their maximum solid volume fraction. The collisional, kinetic, and the frictional terms are added to give the total solid shear viscosity:
The collisional contribution of the shear viscosity is modeled as In dense flow at low shear, when the secondary volume fraction for a solid phase nears the packing limit, the generation of stress is mainly due to friction between particles. The frictional part of the shear viscosity is described by Schaeffer's expression as: 
Where s p is the particle phase pressure due to the particle-particle collision, is the angle of internal friction, 2D I is the second invariant of the deviatoric stress tensor,
Where e is the coefficient of restitution, is the particle pseudo-temperature, The particle phase pseudo-temperature equation of the conservation of particles fluctuating of the conservation of particles fluctuating energy is given by
Where s is the dissipation term of pseudo-temperature corresponding to elastic collisions between par-ticles, s is the exchange of fluctuating energy between gas and particles, gs D is the rate of energy dissipation per unit vo-lume is the transport coefficient of pseudo-tem-perature, 
Where ,max s is the maximum particle packing.
3.Calculation Conditions
In this work, a spouted bed test rig was built in the Northeast Dianli University and simplified it for a 2-D spouted bed, such as spouting gas entrance, material inlet, pressure-outlet and so on. The overall height of the bed is 3410mm.The main part of model was the top of spouted bed, the main part inner cylinder is 170 mm in diameter and 575 mm in height, conical angle is 60°. The height of the material inlet is 560mm, inlet diameter is 50mm. The height of pressure-outlet is 3260mm and inlet diameter is 50mm. The software GAMBIT was used to mesh the working regions. The commercial fluid dynamics code, FLUENT version 6.3 was chosen to solve the model equations. For the gas, a no-slip boundary is used at the wall. For the solid, the partial slip model is selected with a coefficient of 0.6.Numerical grid is shown in Fig. 1 .The other simulation conditions are shown in Table . 
4.Results and Discussion

Distribution of particle concentration
The total volume of Spouted bed was defined as m V , the total volume of particles was p V , the volume occupied by fluid was g V .As mentioned above m P g V V V .The bed voidage was the ratio of the volume occupied by fluid to the total volume of bed. Particle concentration s was the ratio of the volume occupied by particle to the total volume of bed.
Particle concentration has a direct impact on heat transfer, fluid dynamic characteristics and the wear of heating surface. The wear of heating surface has more severe influence.When the spouted bed was designing, arrangement of heating surface and structure of design were decided by the distribution of particle concentration. So in terms of the actual operation of spouted bed, the research on distribution of particle concentration is crucial. From Figs. 2 and 3 , it is obvious that the radial distribution of particle concentration in the spouted bed is heterogeneity. Particle concentration in the bed center is smaller, but near the wall is larger. As a result, the bed voidage near the center is larger and near the wall is smaller. Fig. 2 shows the particle concentration decline with decreasing height. The values of particle concentration in the annular zone are slightly higher than other areas. Generally, the particle concentration had the lowest values in the center spout area. Fig. 3 shows that spouting gas entrainment ability increase with the spouting gas velocity gradually increasing. More gas can been breathed from the dense annular region. The voidage have been greatly improved in the spout area. Simulation results and experimental observations have the same trend.
Distribution of particle velocity
As shown in Figs. 4 and 5, the distribution of particle velocity in the Y direction had the same tendency. The velocity of particle is positive at the spout and negative is near the wall. Particles with the high velocity and low concentration flow up in the spout, and with the low velocity and high concentration move downward in the annulus. As mentioned above, the recirculation of particles is formed in the bed. Fig. 4 shows that the velocity of particle decreases with height and distance from the spout axis. Fig. 5 shows that at the same bed height, the velocity of particle increased significantly with the spouting gas velocity gradually increasing in the spout region. 
4.3.Pressure distribution of spouted bed
Pressure distribution is one of the basic characteristics of spouted beds. It can be seen from the pressure curve, pressure remained essentially constant between the gas inlet and the material inlet.
However, pressure curve is very steep above the material inlet. The pressure drop is relatively large and the resistance is larger in this region. It indicates that gas-solid mixture should be more intense than other regions. After this region, pressure drop is the small, particle concentrations are low after this bed height. The particle has entered the airspace of the free. From Fig. 6 , it can also be found that simulation values with the experimental values have the good consistency.
5.Conclusions
A computational fluid dynamics model is developed successfully to describe the hydrodynamics of a spouted bed. This model is based on the Eulerian Eulerian two-fluid model and a drag model for gasparticles interaction. The typical flow patterns of spouted bed were obtained and compared with some measured experimental results. The results showed the same tendency. With the spouting gas velocity gradually increasing, the voidage and the velocity of particle have been greatly improved in the spout region. The gas and particles behavior in spouted bed were discussed based on the predicted numerical results. Distribution of particle concentration, particle velocity and pressure presented here will provide a useful basis for this further work on understanding spouted beds and the actual operation of spouted beds.
